Geospatial analysis is applied to find a relationship between climate factors (relative humidity and temperature) and air pollutants (PM10 and CO) from January to May 2012-2014, the period when Chiang Mai province, northern part of Thailand, was covered with haze episode. Air pollutants and climate factors data were obtained from air monitoring stations of the Pollution Control Department. Temporal and spatial distribution of air pollutants and climate factors were analysed by Inverse Distance Weight techniques in ARCGIS. Correlation between air pollutants (PM10 and CO) and climate factors (relative humidity and temperature) were also investigated. The results showed that temporal trend of PM10 and CO were similar, they were high during February to April. Low level of relative humidity was observed during February to April, while high temperature was found in March and April. When the relative humidity decreased, the PM10 increased especially in the northern part of Chiang Mai with high correlation (R 2 = 0.83, 0.66, 0.73). On the other hand, when high moisture (%RH) covered almost Chiang Mai area during January 2012 and May 2013, the PM10 was decreased, and low correlation between the PM10 and the temperature was observed (R 2 = 0.01, 0.01, 0.04). Distribution of CO covered in the area during March and April was similar to PM10, however, it was higher in the central and the northern part of Chiang Mai. High correlation between CO and relative humidity was found (R 2 = 0.90, 0.02, 0.92), whereas low relationship between CO and temperature was observed.
INTRODUCTION
Geospatial analyses are primarily used to describe a spatial patterns, predicting a patterns, and testing hypothesis based on interpolation or mapping 1 . A clear picture of the periodical changes in time as well as the diffusion map of air pollutants through a region level have been presented 2 . A geospatial maps can be used as a tool to alert or notify people who reside in the hazardous air pollutants areas. In addition, the map of pollutant distribution can be used by the decision makers to implement the mitigation measures.
In Thailand, the total amount of air pollutants was significant in north-eastern, northern areas, the central and southern areas as a result of burning of agriculture residues 3 . In northern, mountainous areas broadly covered by natural forest were faced with severe haze episodes during summer every year since the last decade. Particulate matter (PM10) concentrations are high in the dry season and always highest in March, then are low again in the rainy season, after that it is constant for about 6 months (May-October). The PM10 increases again during the beginning of the dry season (November) due to low precipitation and starting of open burning in agricultural areas during harvesting season in November to December 4 . Particles emitted from biomass burning were those particulates responsible for PM10 episodic pollution in Chiang Mai Basin because of the concentrations of glycerol and erythritol during the episodic pollution were much higher than during the non-episodic pollution 5 . After PM10 dispersed to the atmosphere, it affects the environment including plants, animals, and human.
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The study of an effect of PM10 on peak expiratory flow rates (PEFR) showed that PM10 were consistently positively associated with the event of PEFR 6 . Previous study reported that a spatial correlation of PM10 and respiratory disease was high in the 2nd week of March in 2007 in the north and northeast of Chiang Mai, and increasing of PM10 was associated with an emergency visit of COPD and asthma 7 . The highest of a very unhealthy level of PM10 in February 2011 and February 2012, and the highest concentration of PM10 were found in 2010, 2011, and 2012 in Chiang Mai area 8 . Air quality is influenced not only by how much pollution is emitted into the air, but also the meteorological and topographical factors as well 9 . Meteorological conditions were the primary factor determining day-to-day variations in pollutant concentrations, its factors affect the dilution, diffusion and accumulation of the pollutants even in the same condition of pollutant sources, the dominant meteorological factors influencing the atmospheric pollution were different in each season 10, 11 . Meteorology and emission were interrelated and both play important roles in the Chiang Mai haze episode formation by the local emission sources including open biomass burning and seasonal industries which were found to be highest during March. Meteorological parameters such as precipitation and relative humidity as well as scale of open burning derived from number of hotspots were found to be the most influential factors and potential source of ambient PM10. The stable atmosphere associated with anticyclone systems (inversion, weak wind) limits the pollutant dispersion both in vertical and horizontal directions. Chiang Mai is a mountain-valley topographical type which limits the dispersion of air. The highest PM10 level in 24 h was associated with the condition of weak wind and strong inversion during March and April in [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] 12 . This study aims to determine a correlation between air pollutants (PM10 and CO) and climate factors (relative humidity and temperature) in 2012-2014, and the comparison of the results with the previous study at Chiang Mai province. Investigating of a spatial and temporal variations of the air pollutants and climate factors were also analysed using a geospatial technique.
MATERIALS AND METHODS

Study area
Chiang Mai province, located between latitude 17°25 N-20°15 N and longitude 98°00 E-99°58 E (UTM: 390 000E-560 000E, 1 900 000N- 2 230 000N), it is the biggest province in the northern part of Thailand covering an area of 22 061 km 2 . Its terrain mostly consists of forested mountains with an average elevation of 310 m above mean sea level which generally run through the province in a north to south pattern. Its population is around 1.7 million people distributed among 24 administrative districts.
Data
Daily information of PM10, CO, relative humidity (%RH) and temperature (Temp) between JanuaryMay 2012-2014 was obtained from 12 air monitoring stations located in Chiang Mai, Chiang Rai, Phayao, Lamphun, Mae Hong Son, Phrae, Nan, and Lampang provinces under the Thailand Pollution Control Department, and were averaged on monthly basis to prepare the spatial analysis.
Methods
The temporal graph and spatial distribution map of PM10, CO, relative humidity, and temperature were plotted to explain the relationship between air pollutants and climate factors using inverse distance weight (IDW) techniques in ARCGIS version 10.0; it is assumed substantially that the rate of correlations and similarities between neighbours is proportional to the distance between them that can be defined as a distance reverse function of every point from neighbouring points 13 using equation
whereV is the unknown point, v i is the known point, and d i is the distance from known to unknown point. The correlation value (R 2 ) between www.scienceasia.org PM10, CO, and relative humidity and temperature were analysed in excel. Fig. 1 shows a method flowchart of this study, starting from data collection, temporal and spatial as well as correlation analysis.
RESULTS AND DISCUSSION
Smoke haze problem in the upper northern part of Thailand including Chiang Mai province always occurs during February-April, therefore, this study intended to investigate the distribution of air pollutants and its correlation with climate factors in this critical period by focusing on the two air pollutants; particulate matter (PM10) and CO, and the two climate factors; relative humidity (%RH) and temperature (Temp). Fig. 2 shows temporal distribution of PM10, %RH, Temp, and CO during January-May 2012-2014 obtained from the two air monitoring stations in Chiang Mai province, Chiang Mai City Hall (Station 1) and Yupparaj Wittayalai School (Station 2). PM10 trend from the two monitoring stations were similar, it was raised in February, highest in March, and decreased to the normal level in May. As with the pattern of CO which also increased in the same period, because these two air pollutants were produced from open burning of agriculture sector to prepare the field for the next cultivation in areas of Chiang Mai, nearby province, as well as neighbour country (Myanmar). While relative humidity was low in February-April, lowest in March, and increased again in May, temperature was high in March-April, and highest in April which is the hottest month for Thailand. Fig. 3 shows spatial distributions of PM10, %RH, Temp and CO which were analysed by IDW technique in ARCGIS 10. Table 1 indicated a correlation (R 2 ) between air pollutants (PM10, CO) and climate factors (%RH, Temp). This study shows a high correlation between PM10 and CO (0.84 and 0.87) in 2012 and 2014 because these two air pollutants are directly released from biomass and agricultural residual burning especially during incomplete combustion.
Distribution of PM10 and its correlation with climate factors
Spatial distributions of PM10 during February-April were higher than during January and May, and was peak in March, especially in the northern part of Chiang Mai connected to Chiang Rai and near Myanmar, neighbouring country which faced to the same haze episode. The PM10 hazard map almost dominated in the north areas of Chiang Mai through 4 weeks of March 2007 14 . Furthermore, the PM10 concentration in this period was higher than the limit set by the Thai national ambient air quality standards (120 µg/m 3 ) especially in March 2013. There was remarkable seasonal variations in PM10 concentrations which were very high during the dry season of the summer monsoon 15 . In the dry season, air pollution is a main issue because the low air-flow and inversion temperatures cause a high accumulation of air pollutants 4 , and high atmospheric stability during summer also was another main factor triggering heavy air pollution 16 .
Correlation between PM10 and relative humidity
In March 2013, a spatial distribution of relative humidity showed low level of moisture in the air, the condition which related to increasing of PM10 distribution in the northern part of Chiang Mai. On the other hand, when high moisture level covered almost Chiang Mai area during January 2012 and May 2013, low concentration of PM10 in all areas was observed because high relative humidity caused hygroscopic growth of the particles, leading to large particles, and removal of particles due to dry deposition [17] [18] [19] . The highest moisture content with updraft conditions associated with this pattern would enhance the vertical dispersion of air pollution 12 . Those spatial results could be well supported by high correlation coefficients of PM10 and %RH; 0.83, 0.66, and 0.73, respectively shown in this study. In addition, a higher PM10 concentration and a lower relative humidity together aggravated the effects of PM on respiratory-related hospital admissions, while decreasing relative humidity was also a predictor of increased respiratory-related hospital admissions 20 . The knowledge from this study could be beneficial to the decision makers to monitor confounding climate factors which affect air pollution distribution in order to prevent or give warning to the population in the risk area.
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Correlation between PM10 and temperature
High temperature was found in the central of Chiang Mai, and lower in northern part during March and April every year. The correlation coefficients between PM10 and temperature during 2012-2014 were 0.01, 0.01, and 0.04, respectively. This is not quite correlated. PM10 concentrations are not always directly related to temperature for the long-term component whereas the coefficients for www.scienceasia.org temperature are negative 21 . Temperature did not have a significant effect on PM10 concentrations, but the best correlation was obtained with relative humidity 22 . The concentration of PM10 was better correlated with the geopotential heights than with their temperatures. Stronger dilution effect due to higher temperature and mixing layer height in the summer lead to lower PM10 concentrations 23 , and high PM10 pollution events are more associated with meteorological conditions of no precipitation and moderate temperature 19 .
Distribution of CO and its correlation with climate factors
Distribution of CO, similar to PM10, was clearly high during February-April, and highest in March 2013, then decrease in May. These could be assumed that high contribution of CO emissions might be released from biomass and crop residue burning over these areas during February-April. More extensive biomass burning activities over the southeast Asian continent were observed in March, likely resulting in higher CO and O 3 concentrations 24 . CO was evenly diffused to all study areas, however it still higher in the central and the northern part than the other area of Chiang Mai. However, concentration of CO in Chiang Mai was not exceed the Thai national ambient air quality standards (9 ppm/8 h). The relative contributions of CO source areas in terms of biomass burning, anthropogenic activities, and oceanic production, during the expedition, 54% of the CO from biomass burning originated from wild fires 25 . CO is a colourless, but poisonous and odorless gas. Its largest sources come from vehicles, especially when they are moving slowly 26 , therefore, CO could affect public health when its concentration rises above the standard of air quality.
Correlation between CO and relative humidity
Correlation (R 2 ) between CO and relative humidity during 2012-2014 were 0.90, 0.02, and 0.92, respectively. The relationships between PM2.5, PM10, CO, SO 2 , NO 2 and O 3 and meteorological parameters (temperature, and relative humidity, wind direction, wind speed) in 2013-2014 showed that the concentrations of PM2.5, PM10, CO, SO 2 , and NO 2 were positively correlated with relative humidity in all seasons. The data were similar to our study except in 2013, whereas CO concentration directly proportional to a power of humidity 27 . However, previous study reported a negative correlation between meteorology and CO, NO x , and O 3 , the relative humidity of which was weakly linked to all pollutants (p < 0.01) 28 . Hence a longer period of www.scienceasia.org study (year) should be included in further study to verify a correlation between CO and relative humidity.
Correlation between CO and temperature
As mentioned above, high temperature and high CO distribution were found in the central part of Chiang Mai in 2012-2013. High concentration of CO was found in March and April in 2013-2014, but low relationship between CO and temperature (0.05, 0.13, and 0.09, respectively) was observed. The low correlation between CO and temperature (R 2 = 0.39, 0.19, 0.03) in summer was found in Beijing, Shanghai, and Guangzhou, respectively 29 . Table 1 shows a correlation (R 2 ) between air pollutants (PM10, CO) and climate factors (%RH, Temp). A positive correlation trend between PM10 and CO, and PM10 with relative humidity were high, whereas a negative correlation between PM10 and temperature was found. For CO, there was positive correlation with relative humidity, but not temperature as discussed previously.
CONCLUSIONS
The temporal and spatial distribution of PM10, CO, %RH, and temperature of Chiang Mai province between January-May 2012-2014 were analysed by ARCGIS 10. PM10 concentration and CO peaked in March every year, while %RH was low in MarchApril. Temperature was high during March-April, especially in the central of Chiang Mai. Spatial distribution map showed that the northern part of Chiang Mai was the critical area affected by PM10 and CO. High temperature was observed in the middle part of study area. The correlation analysis (R 2 ) showed that PM10 was related to relative humidity; when relative humidity increased, PM10 decreased. The correlation coefficients between PM10 and %RH were 0.83, 0.65, and 0.73, while the R 2 between PM10 and CO were 0.84 and 0.87, but there was relatively low correlation between PM10 and temperature. The correlation result might be impact during the period of study (3 years), but the data might not be enough to observe the trend of correlation between air pollutants and climate factors. Further studies taking longer study period, and including other climate factors such as wind speed, wind direction, mixing height, should be carried out to find the accurate value or trend of correlation between air pollutants and climate factors. Nevertheless, other areas in the northern part of Thailand which received an impact from PM10 should also be considered to study.
